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RADIATION FROM GROUND ANTENNA! 


Wait 


ABSTRACT 


shown that horizontal electric dipole can radiate vertically polarized 
waves along the surface finitely conducting ground. This result then 
employed calculate the fields horizontal antenna finite length. Particu- 
lar attention paid the shape the ground wave field pattern for antennas 
the travelling wave type. 


INTRODUCTION 


has been known for long time that horizontal current-carrying wire 
situated above the ground will radiate vertically polarized ground wave. 
1923 Beverage (1) demonstrated for the first time that such antenna 
practical some instances low radio frequencies. The Wave 
became known, consisted essentially long wire situated 
about fifteen feet above the ground and supported regular intervals. 
travelling wave was set the wire energizing one end the line 
generator, and terminating the other end its characteristic impedance. 
Recently the practical application the Beverage wave antenna transmit 
radio ‘signals frequencies the range 100 200 kc./sec. has been studied 
some detail Martin and Wickizer (4). 

the purpose this paper develop improved theory operation 
the wave antenna and discuss several possible alternative modes opera- 
tion. set curves presented which can used determine the radiation 
characteristics several types ground antennas. 


FIELDS HORIZONTAL ELECTRIC DIPOLE 


The obvious starting point consider the fields horizontal electric 
dipole horizontal wire infinitesimal length ds, carrying current situated 
above plane homogeneous conductive ground. When coordinate 
system chosen, the ground conductivity and dielectric constant occupies 
the space and the air dielectric constant occupies the space 
The dipole situated and oriented the direction. 


Work carried out under Project No. D48-55-40-07. Contribution from The Radio 
Physics Laboratory, Defence Research Board, Ottawa, Ontario, Canada. 
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The formal solution this problem has been given previously Sommerfelu 
(6) for the case the dipole the interface (i.e. 0). using his method 
the solution for our problem easily obtained. The fields can represented 
terms Hertz vector follows: 


The rectangular components the Hertz vector are found given 

B lal le + 0 (21 + U2) dah, 

where 


The resulting integrals are type considered Sommerfeld (7). For the 
case can readily shown that the vertical electric 


field component given 


where erfc the complement the error function and numerical distance 


defined 


The function tabulated Norton (5) connection with radiation from 
vertical antenna. The dimension now measured from the point observa- 
tion the center the dipole. 

The corresponding value the radial electric field component tangential 


the ground given 


[8a] WE, 
where complex factor called the and defined 


a 
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other electric field component tangential the ground varies 1/p? 

The only component the magnetic field that varies the component 


immediately apparent that the horizontal dipole does not radiate signi- 
ficant horizontally polarized wave along the surface the ground. 


FIELDS HORIZONTAL TRAVELLING WAVE ANTENNA 

The fields the ‘‘wave can now found directly from the results 
the preceding section. The wire length extends along line height 
parallel the ground. The coordinates the end points the wire are then 
and generator supplies current one end and the wire 
connected ground the other end through its characteristic impedance 
that there are standing waves the line. The current distance 
from the generator then given 


I(x) 


where the propagation constant the wire which for the moment un- 
specified. For perfectly conducting ground the characteristic impedance 

where the radius the wire and the modified Bessel function the 
second type. When the height the wire somewhat less than wave length, 
this equation simplifies 


[12] log (2h/a). 


For finitely conducting ground this modified somewhat, particularly the 
condition not satisfied. any case, the exact value can found 

The propagation constant can expected not very different from 
the propagation constant plane waves air unless the wire the 
interface. When the wire the upper medium, with propagation constant 
height above the interface, the propagation constant can written 

where the wave length air, related 
v1 = r, 
and and are real quantities which depend the proximity the wire 
the interface. When sufficiently large then 
a=0 and m=1, 
that 


Carson (2) has presented approximate method for determining the values 
and terms the quantities y2, and The first order approximation 
corresponding his solution given 


where the higher order approximations contain higher powers 
The electric fields and the antenna” are then obtained 
p 
integrating the contributions from all the current elements the wire that 


where has been assumed that slowly varying function the radiation 

zone (i.e. When the integration performed the resultant vertical 

electric field component given 


E\WS 
where 

where 

1 e i8 L(m—cos¢) 


[16] 


The horizontal electric field component then given 


p 


shape the ground-wave pattern the Several representative 
patterns are plotted Figs. for various values the parameters and 
noted that there maximum the forward direction corresponding 

noted that the vertical field proportional the wave tilt defined 
earlier, and the horizontal field proportional W?. For highly conducting 
ground becomes small and hence the radiated signal low. The magnitude 


{18] |W| + 6°)! 


where the relative dielectric constant defined 


k = €2/€1 
and dielectric loss factor which defined 


“wave due stratification the ground has been discussed previously (9). 
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Discontinuities the substratum depths down 100 ft. can appreciably 
modify the magnitude and the attenuation the ground wave (10). 

The factor which appears the equations for the electric fields numeri- 
cally equal the vertical electric field the point observation due 
vertical radiator, whose average current and length situated 
the same location the The magnitude this quantity 
determined well-known methods (5, 11). 


THE WAVE TILT 


FUNCTION THE GROUND 
CONSTANTS 


TILT 


RELATIVE DIELECTRIC CONSTANT GROUND (k) 


Fic. The wave tilt function the ground constants. 


UNTERMINATED HORIZONTAL ANTENNAS 


some instances may desirable not terminate the antenna with 
load impedance. this case standing waves are set and the radiation charac- 
teristics are quite different from the For instance, the gener- 
ator connected the center horizontal conductor length the 
current distance from the feed point the following form 


b). 
then easily follows that 


where the current the center the ‘‘feed’’ point. 


0.3 EN INB. 

Factor shown curves 
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The shape factor for the pattern the ground wave this antenna 


+b 
I(s) 


where again measured from the line the antenna. Omitting the details 
the integration, the formula for the shape factor found 


When the antenna reasonable height above the ground 


and then 


2 cos 


that the case the half-wave antenna the two maxima the pattern are 
the direction the antenna whereas the full-wave antenna there are four 
maxima angles approximately 60° from the direction the antenna. 

discussed the previous section, low heights the propagation constant 
not characteristic free-space propagation and the pattern modified 
slightly shape. Knowing the correct values the parameters and the 
general formula equation can used calculate the modified pattern. 


DIELECTRIC BASED ANTENNA 


When the antenna lying the ground can expected that the propaga- 
tion constant modified very appreciably from the propagation constant 
the air y;. fact Coleman (3) has shown that electromagnetic waves propa- 
gate along thin wire the interface between the two media according 


For ground with finite conductivity the attenuation the propagation 
along the wire can severe and the radiation inefficient. For example, 
low frequencies where then 

some cases however the antenna may assumed effectively lying 
dielectric ground where ew. radio frequencies this inequality 
would valid for thin wire lying the surface ice frozen ground. For 
instance, the dielectric constant ice the order 3.0 relative free 
space. The propagation constant can then written 


that 1.42 and For frozen dry ground the relative dielectric 
constant the order 7.0 and therefore 2.0 and 


The shape factor for antenna this type given 


When the antenna resonant 


cos 
that 


That is, the antenna based the dielectric medium resonant length 
somewhat less than were free space. The first two resonant modes cor- 
respond the cases where the antenna one half wave one 
full wave length. The patterns for these two modes are plotted Figs. and 
for the antenna lying ice and dry ground respectively. 


2b= 
2b= 
Fig. 
Fig. 


Ground 
Fic. Elevated horizontal dipole antennas length 
Fic. antenna lying ice surface 1.42). 
Fic. Dipole antenna lying frozen ground surface 2.0). 
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CANADIAN ERUCIC ACID OILS 
IX. THERMAL POLYMERIZATION RAPESEED OIL! 


ABSTRACT 


Heating rapeseed oil inert atmosphere atmospheric pressure resulted 
increases refractive index, viscosity, and molecular weight, and decrease 
iodine value. The presence peroxides increased the rate polymerization. 
Estimation dibasic dimeric acids lead salt precipitation was less satis- 
factory than distillation the simple esters the fatty acid mixture. Erucic 
acid prepared from heat-treated rapeseed oil did not show evidence isomer- 
ization. 


INTRODUCTION 

Heat bodying unsaturated oils has been applied extensively industry 
particularly the preparation protective coatings. Recently the process 
has been suggested means removing the more unsaturated acid chains 
from flavor-unstable oils (5). Segregation the polymerized material resulted 
flavor-stable unpolymerized fraction considered suitable for food uses. 
However evidence that the product was toxic rats prompted further interest 
the reaction and its products (1). 

extensive literature deals with thermal polymerization highly un- 
saturated oils such linseed, and monohydric alcohol esters highly un- 
saturated fatty acids. However, little information available the effects 
heat treatment (in the absence oxygen) erucic acid This com- 
munication describes the results investigation obtain information on: 
(1) the thermal polymerization erucic acid oils, (2) the effectiveness 
solvent segregation fractions, and (3) the possible 
conversion 13,14-docosenoic acid positional isomer during heating 
270-300° 

MATERIAL AND METHODS 


Rapeseed and mustard-seed oils extracted Anderson expellers were 
obtained from Prairie Vegetable Oils Ltd., Moose Jaw, Sask., and were refined 
previously described methods (2). Standard procedures were used meas- 
ure the iodine value (Wijs), free acid content, and saponification equivalent. 
Molecular weight was determined 1.5 3.0°% concen- 
trations cyclohexane. The lead salt procedure for dimeric acids (4, was 
used estimate the concentration polymeric acids samples. Dimeric 
acids, prepared from polymerized linseed oil the Werner Smith Co., 
Mich., were used reference materials. 
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The methyl esters polymerized rapeseed oil were separated into mono- 
meric and polymeric fractions Distillation Products Type CMS-5 centri- 
fugal molecular still. Bower-Cooke type column, cm. mm., was 
employed for fractional distillation the monomeric esters. 


EXPERIMENTAL 


Heat treatment was effected atmospheric pressure, and volatile degra- 
dation products were removed vigorous stream carbon dioxide that 
also stirred the oil. The oil was heated glass flasks placed heating mantles. 
Temperature was manually controlled +2° variable transformer. 
The time required for the oil reach temperature 275° was about 
one hour. The period heating was usually hr. but one experiment the 
heating was maintained for hr. 

experiments designed study the effect catalyst, the flask was im- 
mersed wax bath regulated +0.5° form primary oxidation pro- 
ducts (hydroperoxides), air was bubbled through rapeseed oil 25° 
rate per min. for one hour. Cumene hydroperoxide, cumene, 
mixed with the oil before was brought temperature, was tried concen- 
trations and weight, corresponding peroxide values 
and respectively. 

The heated oil was fractionated means dry acetone. Samples 
200 gm. oil were successively extracted three times with two volumes 
acetone. Solvent was removed from segregated fractions heating 
water bath while carbon dioxide was bubbled through the oil. Last traces 
solvent were removed under reduced pressure. 

Heated oils were converted acids that were then crystallized from ace- 
tone (3). Ethyl esters were prepared from fractions heated oil either 
direct reaction free acids with ethanol after saponification, preferably 
transesterification using least six volumes absolute ethanol containing 
dry hydrogen chloride. 

The ethyl esters prepared from fractions heated oils were distilled from 
ml. flask with distilling arm about cm. from the bottom; the arm was 
connected directly air-cooled receiver. Glass wells neck and bulb 
provided means for measuring liquid and vapor temperatures with thermo- 
couples. abrupt end distillation and falling vapor pressure accom- 
panied slight increase pot temperature were considered indicate 
complete removal monomeric material. Distillation, conducted pressures 
less than 0.2 mm. Hg, was usually complete the time the pot temperature 
reached 190 200° C.; the corresponding vapor temperature varied from 
about 110° 140° Usually distillation required from min. 

The possibility heat polymerization the acid esters during distillation 
was examined measuring the distillability esters heated for varying 
periods time under nitrogen 180° atmospheric pressure. 

The methyl esters 50-hr. polymerized rapeseed oil were molecularly dis- 
tilled into fractions. permit distillation the pump hold-up material, 


. 


cod liver oil fraction, evaporation temperature 180° 0.004 mm. pres- 
sure, was introduced carrier before fraction was collected. 

determine whether the double bond the docosenoic fraction had been 
shifted the heat treatment, containing fraction the molecularly 
distilled rapeseed esters (fraction was distilled into six fractions under 
vacuum. The third distillate fraction (230° C., 7.5 mm.), 3.5 gm., was treated 
with ml. hydrogen peroxide and ml. glacial acetic acid. This mixture 
was warmed steam bath for one hour until became homogeneous, left 
for hr. room temperature, and then taken ether and water washed 
until free acid. The recovered product was crystallized from isopropyl 
ether. oil was recovered from the filtrate. Saponification 30% alcoholic 
potassium hydroxide, followed acidification, converted the oil acidic 
product that was recrystallized from dichloromethane. 


RESULTS AND DISCUSSION 
Recovery total acids from the lead salts (Table amounted only 
and only one-third that quantity was obtained from the material 
precipitated acidified boiling ethanol. similar experiment (B), where the 


TABLE 


RECOVERY OF ACID FRACTIONS FROM TWITCHELL LEAD SALT — ALCOHOL 
FRACTIONATION OF COMMERCIAL LINSEED OIL DIMERIC ACIDS 


Acids 
Commercial dimeric acids 1.4984 
Precipitated from aciditied boiling ethanol 27.0 1.5014 
Precipitated 15° 25.6 1.4980 
Ethanol soluble 26.5 1.4866 
(3.32 gm. acid 
Precipitated from acidified boiling ethanol 51.6 1.5018 
Soluble 48.0 


lead salt formation time was prolonged two hours, resulted apparent 
dibasic acid fraction 51.6%. However, analysis the commercial linseed 
oil dimeric acids the outlined distillation procedure resulted residue 
(dimeric acids) and monomeric fraction 15%. This large discrepancy 
forced the conclusion that the lead salt method was not reliable for estimating 
the amount dimeric acids fractions derived from heated linseed oil. 
Measurement dimeric esters the distillation procedure was also marked 
difficulties. Distillation esters assumed entirely monomeric generally 
left residue 5%, owing mainly hold-up part the sample 
the apparatus. Moreover, heating linseed oil ethyl esters distillation 
temperature produced appreciable amount polymerization (Fig. 1). 
However, the effect, though significant over the period the experiment, was 
minor when considered for the normal distillation period 20-30 min. 
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Fic. heating distillation temperatures the molecular weight linseed 


esters. 


The increase refractive index peroxide-free rapeseed oil with duration 
heating (Fig. was less marked than that mustard-seed and linseed oils 
receiving like treatment. This difference accord with the lower iodine 
value the rapeseed oil. However, peroxide catalysis appeared make 


400 


300 


HEATING TIME, HOURS 


Fic. Change refractive index function heating time 275° C.: 
rapeseed oil, oil, linseed oil. 
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for part the deficiency unsaturation that characterizes rapeseed oil 
(Fig. 3). After apparent induction period about seven hours, the rate 
refractive index increase became appreciably greater. 

The merits segregating the molecular species heated oils extraction 
with acetone ethanol, done this investigation, remain questionable. 


120 


> @ 


120 


HEATING TIME, HOURS 


Fic. peroxide catalysis rate polymerization rapeseed oil 275° 


Upper left: Air-blown 25° for one Upper right: 0.27% weight C.H.P., 
hour. P.V. 20. 

Lower left: Uncatalyzed rapeseed oil. Lower right: weight C.H.P., 
P.V. 


The fraction derived from mustard oil (Table showed increasing viscosity 
and decreasing free-acidity with diminished solubility, but iodine value was 
variable over small range. However, the acetone insoluble residue (57%) 


TABLE 
SOLVENT SEGREGATION HEAT-TREATED MUSTARD OIL 


Fractions from acetone-extracted 
heated oil 
Oil Oil 
unheated Soluble fractions 
residue 
First Second Third 

Fractions, 19.2 28.6 14.4 36.1 
Iodine value 111.0 91.1 89.6 91.4 86.7 
Acid number 2.1 5.4 3.2 1.5 
Gardner bubble viscosity, 
poise 25° 0.65 2.75 1.65 2.25 5.50 
Saponification equivalent 311.5 312.2 312.3 312.3 
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from rapeseed oil (Table yielded acids apparently similar composition 
those obtained from the acetone soluble fractions. Because the analytical 
methods used not distinguish between dimeric dibasic acids and normal 
fatty acids, the apparent similarity the fractions should not condemn the 
use solvent segregation. 
TABLE III 


ACETONE SEGREGATION RAPESEED OIL (HEATED HR. 275° C.) 


Acetone Insoluble 
fractions 
Per cent oil extracted vol. acetone 25° 57.0 
Acids prepared fractions 1-4 
Acid equivalent weights 
Acetone insoluble acids 338 353 355 351 
Acetone soluble acids 317 310 326 307 
Iodine value 
Acetone soluble acids 90.1 85.9 86.7 
The characteristics the molecularly distilled esters rapeseed oil are 
given Table IV. The oxidation products fraction the fractionally 
distilled monomeric esters crystals melting 73° (undepressed 
admixture with methyl obtained from authentic erucic 
acid). The oil recovered from the filtrate had saponification equivalent 
TABLE 
MOLECULAR DISTILLATION METHYL ESTERS RAPESEED OIL 
POLYMERIZED HR. 280° 
Fraction gm. Acid No. tion equiv. 
65-75 13.9 1.45511 2.4 274.3 32.3 
73-76 35.3 1.45614 1.3 92.6 
80-81 46.7 1.45484 1.5 312.9 88.2 
80-81 1.45452 1.8 73.8 
50.2 1.45516 2.1 72.3 
75-78 1.45565 1.9 67.9 
90-93 19.8 1.45743 2.3 381.4 74.9 
102-113 10.6 1.46782 475.4 87.8 
130-173 41.6 1.5 75.4 
173-190 4.4 1.48000 1.5 354.3 
Residue 


liver oil carrier, b.p. 1.48402, added. 
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208.6 0.6 (calculated value methyl monohydroxymonoacetoxybehenate 
214.2). This oil, after saponification, yielded dihydroxybehenic acid, melting 
(undepressed admixture with authentic sample). Addi- 
tional dihydroxybehenic acid, m.p. C., was obtained from the filtrate, 
bringing the total recovery dihydroxybehenic acid 87%. The residue 
consisted oil with few crystals it; its infrared spectrum revealed 
groups and was typical long chain fatty acid. 
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DEVICE FOR DETERMINING CONJUGATE PHASE COMPOSITIONS 
THREE-COMPONENT 


ABSTRACT 


device described which useful the study three-component systems 
having two conjugate phases where the analysis particularly difficult where 
the sample small that accurate analytical procedures are difficult. The 
method based the use mechanical gadget conjunction with the 
synthetic method analysis. The phase diagrams for the system propionic acid 
carbon tetrachloride water 24°C. and the system acetone carbon tetra- 
chloride water 29.4°C. were determined the synthetic method. These 
systems are room temperature; the resulting curves are not sensitive 
10°C. temperature fluctuations. Tie-line data for both systems were deter- 
mined using the proposed method and were checked for the first-mentioned 
system chemical analysis. 


INTRODUCTION 

study phase equilibria three-component systems some simple 
method was needed determine quantitatively two three components 
ml. sample conjugate solution. The method was applicable 
several ternary systems, some which included difficultly analyzable 
materials. 

for the development the method because the ease with which propionic 
acid could determined either the water-rich carbon-tetrachloride-rich 
phase chemical analysis. Once the method had been developed for this 
system could extended include other materials that could not 
determined quantitatively simple titration. 


SOLUBILITY CURVE SYNTHETIC METHOD 


determine the ternary solubility curve for the system: carbon tetra- 
chloride propionic acid water, the synthetic method was used. 
method carbon tetrachloride titrated with water until cloudiness appears. 
The over-all composition is, therefore, within two-phase region. Propionic 
acid then added until the cloudiness disappears, that is, until the com- 
position moves again into the one-phase region. This solution again titrated 
with water milkiness, thus giving second point the curve. The pro- 
cedure repeated until sufficient number points have been obtained 
enable smooth curve drawn through them. The binodal curve 
completed beginning with water and titrating with carbon tetrachloride 
milkiness, then repeating above. The equilibrium data are shown 
Table 

The solubility curve for the system: acetone carbon tetrachloride water 
(Fig. was determined the same manner for the above system and 
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TABLE 


EQUILIBRIUM DATA. 24°C. 
(All data are weight per cent) 


Carbon Propionic 
tetrachloride Water acid 
99.8 0.2 0.0 
75.3 1.3 
3.2 37.1 
47.8 7.6 44.6 
12.0 48.8 
15.5 
28.6 18.2 
0.2 0.0 
0.42 66.6 33.0 
11.0 35.8 53.2 
17.8 27.6 54.6 
23.9 21.8 54.3 
29.6 7.8 52.6 


three tie-lines were determined the method described the following 
section. Acetone was chosen one the components illustrate the use- 
fulness the method when one the constituents difficult determine 
chemical methods analysis. The equilibrium data are shown Table 


Acetone 


Ternary Phase Diagram 
System: Acetone- Carbon 


Water 


Temperature 29.4°C, 


Carbon Tetrachloride Water 
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TABLE 


EQUILIBRIUM DATA. 29.4°C. 
(All data are weight per cent) 


Carbon 
tetrachloride Water Acetone 
66.1 1.0 32.9 
48.2 3.8 48.0 
37.1 7.3 
29.8 58.5 
23.7 16.5 
19.8 20.6 
17.0 
14.7 26.8 58.5 
13.0 29.0 
11.6 31.1 §7.3 
10.4 32.7 
0.2 99.8 0.0 
3.4 54.1 
8.3 56.2 
21.4 19.0 
25.4 15.0 
28.5 12.3 59.2 
31.4 10.6 58.0 
33.6 9.2 
35.9 7.9 56.2 


DETERMINATION CONJUGATE COMPOSITIONS 

early work illustrating method for determining tie-lines that 
Miller and McPherson (2). This was followed method proposed 
Evans (1) which also quite useful. apparatus for determining tie-line 
data was developed Othmer and Tobias (3). all the above methods 
the the two-phase mixture must known 
the relative amounts the two phases. the proposed method this informa- 
tion need not known. 

Approximately ml. propionic acid, ml. distilled water, ml. carbon 
tetrachloride were placed separatory funnel and 
This mixture settled into two layers from which samples could removed. 
The upper layer can represented the triangular diagram point 
the exact location which wish know. solution 57.8 weight per 
cent acid carbon tetrachloride was made and used titrant, point 
sample the upper was titrated using solution until the milky 
solution which first formed clarified. 


Weight sample 4.34 
Weight titrant 15.10 gm. 
Weight ratio ZN/NK 15.10/4.34 


The apparatus used locate made sheet clear plastic in. 
thick and in. square. Two brass arms pivot shown Fig. and may 
locked any desired ratio about center line scribed the underside the 
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Nut 


Brass Edges 


Propionic 


Parallel Lines 


Carbon 
Tetrachloride 


Fic. 


plastic sheet. Parallel lines 0.2 in. apart and perpendicular the center 
line are scribed over the entire sheet. 

The arms were set the ratio 15.1/4.3 shown Fig. The apparatus 
was placed top the triangular diagram, then moved and down and 
rotated until was divided the above ratio. and must lie the 
solubility curve and 57.9 weight per cent acid carbon tetrachloride. 
The value obtained this method was 25.6% acid and the value obtained 
titrating with standard alkali was 25.4%. The procedure was repeated 
four inexperienced operators and the values obtained them agreed 
within the value obtained the alkali titration. Parallax causes some 
error but can decreased using thinner sheet plastic scribing 
lines both sides the sheet. The same procedure can used determine 
the other end the tie-line, that is, titrating sample the lower layer 
with solution acid water known composition. 


Centre 
Acid 
/\ 
/ \ \ / 
\ \ \ X 
Water 
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CONCLUSIONS 

Ternary diagrams are basic importance most extrac- 
tion processes and the rapid and simple method for determining tie-line data 
presented this paper should considerable use this field. 

The accuracy the described method +1%. 

The method extremely simple and good results can obtained 
inexperienced personnel. 

The method finds greatest use treating systems which cannot 
analyzed chemically because smallness sample analytical difficulties. 
Its greatest advantage that the amounts two phases equilibrium 
mixture and the over-all composition need not known. 
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THE OXIDATION, DECOMPOSITION, IGNITION, AND 
DETONATION FUEL VAPORS AND GASES 


XXII. THE CHARACTERISTICS THE IGNITION AND COMBUSTION 


BENZENE CARBURETOR ENGINE AFFECTED HEAT 


ABSTRACT 


The object the experiments was determine the effect the 
combustion and ignition characteristics and the relation between thermal 
efficiency and compression ratio mixture strength was varied, when using 
fuel such benzene which does not decompose carburetor engines operated 
normal conditions, manner provide nuclei required for autoignition. 
Experiments were made first the conditions the low heat load resulting from 
the use subnormal charge density, engine speed 400 r.p.m., the jacket 
coolant 100°F., and the air supply 50°F. these circumstances had 
been possible earlier experiments, suitable values compression ratio, 
use nuclear instead spark ignition the fuels were normal varieties 
heptane, hexane, pentane; but when using the same conditions for the experi- 
ments this Part, benzene always required spark ignition and burned slowly 
that spark timing could not adjusted ensure that the heat combustion 
was added the working fluid even approximately constant volume, and 
was possible suitable adjustment spark timing and compression ratio 
obtain constant pressure cycle. Preignition did not occur, even when using 
hot spark plug and compression ratios rising 15:1. series experiments was 
then carried out conditions the normal heat load resulting from the use 
full charge density, engine speed 900 r.p.m., the jacket coolant and the air 
supply 140°F. was then possible run the engine nearly constant 
volume cycle with consequent increase thermal efficiency. Two medium 
temperature spark plugs were used and indications impending preignition 
occurred compression ratio 14:1. The I.M.E.P. had then attained 
maximum 153.2 per sq, in. when the mixture was 20% rich. Spark ignition 
was still required for continyous running. changing variety 
spark plug, severe preignition accompanied heavy pounding occurred. The 
timing the effect advanced rapidly that power output fell zero approxi- 
mately effect which illustrated indicator diagrams taken 10-sec. 
intervals. The characteristics the combustion and ignition benzene the 
C.F.R. engine are shown depend fundamentally heat load and the experi- 
mental results are discussed accordingly final section text. 


INTRODUCTION 


Experimental results obtained when using benzene fuel for the C.F.R. 
engine conditions required for low heat load are given Section (1). 
Results experiments made normal heat load conditions are given 


Section (2). There was tendency preignition the mixtures 
these conditions. This was found depend the heat rating the spark 


plugs and experiments made accordingly are described Section (3). 


The characteristics ignition and combustion the benzene-air mixture 


affected heat load are discussed Section (4). 
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KING FUEL VAPORS AND GASES. 
EXPERIMENTAL METHODS 


The experiments were carried out with the C.F.R.-F.2 engine and auxiliary 
equipment, used for the experiments with normal paraffins (4). Thus, the 
C.F.R. shrouded inlet valve was replaced one the ordinary tulip-shaped 
variety; the carburetor was bolted directly the engine head after removal 
the C.F.R. mixture heater; the air supply was cooled nearly 
remove excess moisture and then heated the temperature required. The 
temperature the jacket cooling water was controlled the thermostatic 
method described the appendix Part XIII (5). The difference between 
the inlet and outlet temperatures was never more than 5°F. The outlet 
temperature only will stated subsequent text that the jacket 
coolant. 

The engine cylinder used for the experiment was nearly new condition. 
The bore had less than 0.003 in. taper and the surface was clean and unscored. 
After new piston and rings and new wrist pin had been fitted, the engine 
was carefully before beginning the experiments. 

The cylinder was the type, that holes were provided for 
three spark plugs the wall the combustion chamber addition the 
bouncing pin hole the cylinder head. The bouncing pin was not used. 
was replaced mild steel plug when ignition was single spark plug 
and spark plug when two spark plugs were used. 

Benzene the A.S.T.M. grade, supplied the Steel 
Company Canada, was used for the experiments. was colorless and 
free The boiling range did not exceed 1°C. and included the 
value 80.1°C. the pure substance. Thermal efficiencies given the test 
are based the lower calorific value being 17,261 B.t.u. per Ib. 

commercial variety S.A.E. 10, Pennsylvannia lubricating oil, without 
additives was used for all the experiments. was maintained 120°F. 
the sump. 

Characteristics combustion the engine are illustrated diagrams 
taken with Sunbury electronic indicator with which used variable 
magnetic flux pressure pickup. The steel diaphragm which exposed the 
pressure the cylinder, the permanent magnet, and the search coil the 
pickup are contained within steel shell which can replace mm. spark 
plug. The diagrams shown the cathode ray oscillograph were photo- 
graphed Leica camera. notched timing wheel mounted the out- 
board end the dynamometer shaft was used provide the 
time scale the diagrams. The blips were arranged occur when the piston 
was top dead center (t.d.c.) and degree intervals for degrees before 
and Short vertical lines have been added the diagrams for extra 
convenience marking the t.d.c. piston position. The somewhat irregular 
spacing the blips due part there being some degree elasticity 
between the piston and the timing wheel, but mainly the inertia rotating 
parts being insufficient prevent the cyclic pressure changes the cylinder 
causing similar changes the speed rotation the timing wheel. 
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Diagrams are given both for the variation pressure with time and the 
variation rate change pressure with time. The horizontal lines the 
diagrams correspond with the parts the induction and exhaust strokes 
for which there are appreciable pressure changes. The rate pressure 
change passes through zero value when pressure combustion attains 
maximum and the corresponding piston position shown the point 
the diagram which positive values for rate change become negative. 

The terms compression ratio, optimum compression ratio, and mixture 
strength are abbreviated subsequent text C.R., Opt. C.R., and 
respectively. Stoichiometric mixtures benzene and air are described 

SECTION (1). EXPERIMENTS WITH COOL ENGINE 
Low Heat Load 

The running conditions were used earlier for the experiments with the 
normal paraffins, Part XXI (4). They were: engine speed 400 r.p.m., 
jacket coolant (water) temperature 100°F., air supply temperature 
50°F., and charge density 64% normal. One spark plug only was 
used, Champion C.F.R.-8, described variety, near the top 
commercial heat scale. was set the standard position the wall the 
combustion chamber midway between the exhaust and inlet valves. 


Method Determination Opt. C.R. 

The rate burning, after spark ignition, the normal paraffins was 
controllable pressure; thus, particular values mixture strength and 
spark advance, the position maximum combustion pressure relative 
t.d.c. could advanced retarded raising lowering the compression 
ratio. The rate burning benzene after spark ignition appeared vary 
little with change pressure, the conditions the experiments. The small 
increase observed increasing the compression ratio could attributed 
the corresponding increase temperature. This characteristic benzene 
illustrated the two indicator diagrams Fig. taken when using 


Fic. diagrams taken compression ratios 7.42 and 9.39. Spark 
30° before t.d.c., correct mixtures, cool engine. 
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correct mixture with air, compression ratios 7.42 and 9.39, and with 
spark ignition 30° before t.d.c. The diagrams show that the increase com- 
bustion pressure due the increase C.R. occurred large part before 
t.d.c. The consequent increases and were and 1.35% 
respectively while B.H.P. diminished from 1.09% 1.07. 

The two diagrams are from series five taken determine the C.R. 
required for maximum thermal efficiency when using correct mixture and 
30° spark advance, that the optimum value C.R. the conditions the 
experiments. The method adopted obtain true value the Opt. C.R. 
corresponding particular combination spark advance and mixture 
strength illustrated the data given Table obtained the course 
taking the series five diagrams. 

TABLE 
DATA REQUIRED FOR DETERMINATION C.R., 


| | 
1.087 0.465 1.552 26.1 
8.91 1.090 0.478 1.568 26.4 
9.39 1.070 0.487 1.557 26.2 


The remarkably small change B.H.P. due increasing C.R. from 7.42 
9.39 shown Column the table; will noticed that values 
B.H.P. decreased C.R. was raised. This anomalous result attributed 
the increase the rate burning the benzene due the increase charge 
temperature obtained raising the Opt. C.R. from 7.42 9.39. Thus spark 
advance having remained 30°, maximum combustion pressure occurred 
farther advance t.d.c. than when C.R. was 7.42. 

The power required overcome friction and pumping losses (L.H.P.) 
was measured with great care the course the experiments. increased 
quite consistently C.R. was raised from 7.42 9.39. taking the sum 
B.H.P. and L.H.P. obtain the data Columns and the 
table were obtained. will noted that small but definite maximum values 
for I.H.P. and the corresponding were obtained for C.R. 8.91. 
This C.R. may therefore taken the optimum value. Thus were deter- 
mined all the values for Opt. C.R. given this section. Samples the 
graphs required for determinations Opt. C.R. are given Fig. 


Cool Engine Performance Opt. C.R. Affected Ignition Timing; Constant 
Volume and Constant Pressure Cycles 

Optimum performance terms power and thermal efficiency would not 
expected from benzene when was used the cool engine and with spark 
advance 30° before t.d.c. because maximum value the pressure due 
combustion occurred slightly before t.d.c. The power output the circum- 


stances was due the benzene continuing burn after the piston had 


CORRECT MIXTURE, 30° SPARK ADVANCE 


CONDITIONS 
SPEED 400 
AIR SUPPLY, 

JACKET COOLANT, 

ONE SPARK PLUG 


CHARGE DENSITY 64% 
OF NORMAL 


WwW 
a 
= 


INDICATED HORSEPOWER 


Fic. Graphs for the relation between C.R. and I.H.P., used for the determination 
Opt. C.R., corresponding spark advances 10, 29, and 30° before t.d.c., cool engine. 


passed t.d.c. shown the form the maximum pressure part the 
diagrams Fig. 

The rate burning benzene being largely independent pressure, the 
effective method retarding maximum combustion pressure occur after 
t.d.c., while maintaining correct mixture, would delay ignition. Results 
obtained accordingly with ignition advances 20° and 10° are illustrated 
the indicator diagrams Fig. Related data are set out Table 
together with similar data from Table obtained with spark advance 30°. 


Fic. diagrams showing the retardation maximum combustion pressure 
from 15° after t.d.c. spark retarded from 10° before t.d.c. Opt. C.R. increasing 
from 9.88 11.38, correct mixtures, cool engine. 
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TABLE 
EFFECT IGNITION TIMING PERFORMANCE, 


advance comb. press. 


30° before t.d.c. 8.91 
20° after t.d.c. 9.88 1.785 30.0 
10° 15° after t.d.c. 11.38 


The data, Table show the improvement performance terms 
and I.T.E. obtained the occurrence maximum combustion 
pressure was retarded from before 15° after t.d.c., retarding the 
spark from 30° 10° before t.d.c. The improvement performance was, 
however, obtained the expense increasing Opt. C.R. from 8.91 11.38. 

The engine tended run constant pressure cycle spark advance 
was further retarded and C.R. increased. Thus retarding the spark 
occur t.d.c. and using mixture 15.5% weak, striking example constant 
pressure cycle running was obtained. The and rate change 
diagrams then taken are exhibited Fig. The Opt. C.R. was 14.9. will 


Fic. and rate change diagrams showing constant pressure cycle. 
Spark t.d.c. and mixture weak, C.R. 14.88, cool engine. 


seen reference the diagrams that combustion pressure began 
increase immediately after spark ignition, but slowly, maximum 30° 
after t.d.c. The rate change diagram shows little change pressure during 
the period. The two diagrams were course not taken simultaneously and 
cycles did not repeat exactly the conditions the experiments. The 
was which not high value for C.R. 14.9. The diagrams provide 
good picture combustion might occur slow running Diesel with 
the fuel injected high-pressure air blast the end compression. The 
broken line diagram Fig. for compression and expansion air only. 
was taken the time the experiments but the slightly higher C.R. 
15.3. The difference between diagrams and provides additional 


CORRECT BENZENE-AIR MIXTURES, COOL ENGINE ee 


illustration the constant pressure nature the cycle. Diagrams and 
were superimposed after being drawn from enlargements original Leica 
negatives and then rephotographed. 

was necessary that combustion the benzene should occur constant 
volume experimental results were comparable with those obtained 
when using the normal paraffins. The experimental results obtained with 


Fic. diagram Fig. compared with one taken for the compression and 
expansion air only. 


spark advance 10° less would therefore not suitable. Moreover 
would have been necessary, even with spark advance 10°, the 
experiments values Opt. C.R. higher than the 11.38 determined for 
correct mixture when weaker richer mixtures were used. The engine per- 
formance these. circumstances would again not comparable with that 
obtained for the normal paraffins values C.R. ranging from for 
mixtures ranging from 40% weak 20% rich and with ignition compression. 

has been shown, Table that 30° spark advance unsuitable that 
maximum combustion pressure then occurs before t.d.c. and was concluded 
that optimum performance the cool conditions running would obtained 
over wide range M.S. using spark advance 20°. Indicator diagrams 
were taken accordingly with mixtures ranging from 37.7% weak 47% 
rich, C.R. being always adjusted the optimum value. Data from the 
diagrams are tabulated below. 

The data Table obtained with ignition fixed 20° advance indicate 
that Opt. C.R. increased going from correct weaker richer 
mixtures, the corresponding increase compression temperature leads 
increases the rate burning the benzene which tend compensate for 
the decrease which would occur C.R. and the corresponding temperature 
attained compression remained constant. Thus was obtained the nearest 
approach constant volume cycle that was possible over wide range 
mixture strength the cool running conditions which benzene burns 
relatively low rate. 


\ 

\ A 

G 
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TABLE 

EFFECT CHANGE MIXTURE STRENGTH TIME 

OCCURRENCE MAXIMUM COMBUSTION PRES- 

SURE, COOL ENGINE NORMAL CHARGE 

NSITY, SPARK ADV 


Mixture Opt. Max. comb. press. 


23.3% bis | 10.9 } 12° ” 
15.5% ie 10.3 | g° ” ” 
5. 1% 10.4 ” ” 
Correct 


Cool Engine Performance with Spark Timing Fixed 20° Advance 

The performance the engine terms indicated and brake horsepowers 
and corrésponding indicated and brake thermal efficiencies given the 
graphs Fig. Spark timing was fixed 20° advance and C.R. was always 
adjusted optimum value which increased from 10.0 14.9 
was reduced from correct 39% weak; indicated thermal efficiency then 
attained maximum value 35%. 


CONDITIONS 
SPEED, 400 
AIR SUPPLY .50°F. 


JACKET 


w 
ro) a 


THERMAL EFFICIENCY 


RATIO 


HORSEPOWER OUTPUT 


Fic. showing performance cool engine terms thermal efficiency and power 
output with spark fixed 20° before t.d.c. Mixtures varying from weak 50% rich 
and C.R. always adjusted the optimum value. 


ONE SPARK PLUG 
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Maximum values I.H.P. and B.H.P. were attained when using mixtures 
20% rich. The I.M.E.P. was then Ib. per sq. in. and the indicated thermal 
efficiency 25%. 

The object the experiments was obtain the relation between indicated 
thermal efficiency and Opt. C.R. for mixtures varying from rich the leanest 
practicable. This relation shown the graph Fig. for mixtures varying 
from rich 39% weak. This graph was plotted from the data given 
the graphs Fig. 


INDICATED THERMAL EFFICIENCY 


COMPRESSION RATIO 


Fic. Graph showing the relation between indicated thermal efficiency and C.R. 
mixture strength reduced from rich 39°% weak. Spark fixed 20° before t.d.c., 
cool engine. 


The inferior performance the engine attributed fundamentally the 
slow burning characteristic benzene the cool running conditions with 
subnormal charge density. 


SECTION (2). EXPERIMENTS WITH HOT ENGINE 

Normal Heat Load 

was shown the experiments Section (1) made with cool engine, 
see graphs Figs. and that I.T.E. increased from 34.2 34.8 only 
raising the C.R. from 12.0 15.5 while decreasing the M.S. from 39% 
weak. This characteristic not would expected. There was possibility 
that could attributed the low temperature running conditions and the 
subnormal charge density used for the experiments. The engine tended 
operate constant pressure cycle these conditions, which the com- 
bustion benzene occurred relatively low rate. was decided therefore 
determine the relation between and C.R. with diminishing 
normal running conditions. These ensured relatively hot engine. 

The change from cool hot engine was made altering running 
conditions follows: 

The speed was increased from 400 900 r.p.m., which.had been found 
the optimum for the valve timing the C.F.R. engine used for the 
knock rating motor fuels. The jacket coolant temperature was raised from 


ar 5 
| | 
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100°F. 140°F. outlet temperature. The temperature the air supplied 
the carburetor was raised from 140°F. The electric air heater then 
consumed approximately 250 watts. The carburetor choke tube used 
obtain the subnormal charge density the cool engine experiments was 
replaced the standard C.F.R. carburetor venturi with throat diameter 
9/16 in. obtain normal charge density. 

Benzene became liable preignition hot spark plug the changed 
running conditions, and the Champion, mm. C.F.R.-8 hot plug the 
standard position was replaced cooler plug, Autolite B.T.4. second 
spark plug was used diametrically opposite, the bouncing pin position. 
This was Autolite T.T.4. was the same heat rating the B.T.4 
but was obtainable the 7/8 in. size required fit the bouncing pin hole. 


The Relation Between C.R., and Spark Advance 

was found, beginning experiments with the hot engine, operated 
normal charge density and 900 r.p.m., that spark advance were treated 
variable factor and C.R. and M.S. maintained fixed values, was 
easily possible determine the optimum combination the three factors, 
that is, the combination which maximum value was obtained for I.H.P. 
Typical examples the method are given the graphs Fig. for three 


CONDITIONS 


nN 
uo 


SPARK ADVANCE DEG, 


50 55 
INDICATED HORSEPOWER 


Fic. Example the method determining optimum spark timing for particular values 
C.R., mixture being always weak. Hot engine. 


particular values C.R. with M.S. always weak. will seen 
reference these graphs that the spark advances required for maximum 
shown the short horizontal lines, could determined with 
fair degree accuracy. 

The results obtained using the method fixed C.R. 8.0 and 
eight particular values mixture strength from weak rich are 


is JA ANT 14 

— 


32 CANADIAN JOURNAL OF TECHNOLOGY, VOL. 32 


given the graphs Fig. understood that optimum spark 
advance having always been determined, then any M.S. the value given 
for corresponds with the C.R. 8.0 being optimum value. 


EFFICIENCY 
uo 


HORSEPOWER 


SPEED 900 cp.m., AIR SUPPLY 
COOL SPARK PLUGS ond TT4 
CHARGE DENSITY 
JACKET COOLANT 


50 40 30 2 10 0 10 20 3040 


Fic. Graphs showing hot engine performance terms power and thermal efficiency, 
mixtures varying from weak 40% rich. C.R. 8.0, optimum spark timing. 


The Relation between I.T.E. and M.S. for Optimum Values C.R. Ranging 
from 


The primary object the experiments was obtain relation between 
and C.R. mixture strength was diminished, comparable with that 
obtained when using the cool engine, Section (1). was necessary, accordingly, 
carry out experiments values C.R. and higher because will 
seen reference Figs. and that, with the cool engine and fixed spark 
advance 20°, optimum values C.R. were never less than 10. 

Experiments others, with mixtures, determine the 
relation between and C.R. have always been made, far known, 
with values C.R. less than and with particular values M.S. Pye, 
for example (6, 181), describes experiments, evidently made Ricardo 
with the E.35 engine, over C.R. range from 6.9 only. Preignition 
occurred the higher value C.R. and the experiment was discontinued 
(7, 144). C.R. 8.0 was the mechanical limit the E.35 engine. 

was considered therefore that addition obtaining the data for 
C.R. 8.0 given the graphs Fig. and required for the higher 
values C.R. used for the cool engine experiment Section (1), would 
general interest extend the experimental work obtain similar data 
for values C.R. ranging from 
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Experiments were carried out accordingly, beginning with C.R. 4.0 
and with higher values rising steps the practicable maximum 
13.0. Complete data given the graphs Fig. were obtained for the 
particular values C.R. but data relating only the variation 
with C.R. and are given, see Fig. 


SPEED AIR SUPPLY 
COOL SPARK PLUGS, BT4 and TT4 


NORMAL CHARGE 
COOLANT 


@ 


INDICATED THERMAL EFFICIENCY 


Fic. 10. Family graphs for relation between indicated thermal efficiency and mixture 
strength, for values C.R. from 13:1, spark timing always adjusted optimum 
value. Hot engine. 


will seen reference the figure that 

(1) The for which isa maximum moved continuously weaker 
26.1% was obtained for mixture weak, but C.R. maximum 
was obtained for mixture 37% weak. will noted also 
that the value the weakest usable M.S. moved from 30% weak C.R. 
4.0 one 45% weak C.R. 13.0. 

(2) Graphs relating values Opt. C.R. ranging from 4.0 
13.0 cannot drawn for, mixtures leaner than 20% weak. 30% weak they 
can drawn for values Opt. C.R. ranging from and 40% weak 
for values Opt. C.R. ranging from 8.0 13.0; weaker mixtures ignition 
became irregular even values Opt. C.R. higher than unless spark 
plugs higher heat rating were used. 


40 

36 
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(3) The most immediately useful data obtained from the graphs 


are those which enable graph, comparable with that Fig. for the cool 
engine experiments, shown for the hot engine experiments. The two 
graphs are exhibited Fig. 11. Referring the lower graph, will seen 
that C.R. 11.7, the I.T.E. for mixture 30% weak 34.1%. 


INDICATED THERMAL EFFICIENCY 


COMPRESSION RATIO 


Fic. Graph shows the relation between indicated thermal efficiency and C.R. 
mixture strength reduced from 10% rich weak. Optimum spark timing, hot engine. 

Graph broken line, reproduction the graph Fig. for cool engine with spark 
timing fixed 20° before t.d.c. and C.R. always adjusted optimum value. 


Now, referring the graphs Fig. 10, will seen that the I.T.E. for 
mixture 30% weak C.R. 11.0 and 39.2% C.R. 12.0. 
interpolation the therefore 39.1% for the 30% weak mixture 
C.R. 11.7. This process illustrates how the upper graph obtained. 
The upper and lower graphs are thus strictly comparable and show average 
difference 5.3% for all values C.R. and mixture strength. The 
difference favor the hot engine and correct mixtures and 10.0 C.R. 
represents increase approximately 19% I.T.E. 

adequate explanation for the higher values obtained with the 
hot engine provided consideration the piston positions which 
combustion the benzene occurred. 

Maximum power was obtained with the cool engine when maximum com- 
bustion pressure occurred from after t.d.c. with values M.S. 
varying from 37% weak 47% rich, see Table III. This, view the slow 
burning benzene the cool engine, meant that considerable part the 
pressure rise due combustion had occurred before t.d.c. the effect 
reducing power and thermal efficiency. 
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Fic. Pressure-time and rate change diagrams for mixtures ranging from 25.7% 
weak 24.6% rich. C.R. 8:1, hot engine. The diagrams show the relation between optimum 
spark timing and the time occurrence maximum combustion pressure. Note, spark timing 
recorded electronically the single downward blips the pressure-time diagrams. 

Mixture 26% weak, spk. adv. 21°, I.H.P. 4.56, I.T.E. 34%. 


8.6% 15°, 5.24, 32%. 


The benzene burned more rapidly the temperature conditions the 
hot engine, and when spark advance was adjusted for maximum power, the 
pressure rise due combustion occurred mainly after t.d.c. with maximum 
from 16° after that piston position, depending M.S. These charac- 
teristics the combustion benzene the hot engine are illustrated the 
series and rate change diagrams, Fig. 12, taken C.R. 
8.0. Data from the diagrams are tabulated below. 


TABLE 
Mixture spark advance Max. comb. press. 
26% weak 21° 16° after 
weak 15° 12° after t.d.c. 


25% rich 13° 13° after 


SECTION (3). IGNITION HOT SURFACES; PREIGNITION 

Ignition the charge overheated surface the combustion chamber 
spark ignition engine commonly described irrespective 
time occurrence. The timing the igniting effect may coincide with 
that spark timing. that case the engine will continue run steadily 
with the spark switched off load, mixture strength, and the temperature 
the hot surface remain constant. however spark timing has been adjusted 
for maximum power and ignition hot surface occurs later, then the 
spark switched off, the engine may continue run but maximum power 
will not developed. The temperature the hot surface will diminish 
accordingly and progressively until the igniting effect ceases and the engine 
stops running, with harm done. 

spark ignition timing has been adjusted for maximum power output 
and ignition hot surface then occurs earlier, described correctly 
preignition. The immediate consequence the effect the liberation before 
t.d.c. increased proportion the heat combustion. The temperature 
the hot surface and the timing its igniting effect will then increase 
progressively until ignition occurs early the compression stroke that 
single cylinder engine ceases develop power. If, however, preignition occurs 
particular cylinder multicylinder engine which continues run, 
severe damage will occur the affected cylinder, especially the engine 
supercharged. The damage has been described others, notably Hundere 
and Bert (1). 

Ignition hot surface, which occurs later than spark ignition, de- 
scribed Hundere and Bert apt term but, 
order make correct distinction between preignition and after-ignition, 
necessary establish timing datum. That can taken the spark 
timing required for maximum power output and obvious that will 


2 


KING El 


AL.: FUEL VAPORS AND GASES. XXII 37 


vary with C.R., M.S., and charge density. Suppose, for example, that spark 
timing set too late for maximum power output and that surface ignition 
occurs earlier, the ignition would not preignition according the definition 
and provided its timing did not advance progressively beneficial effect 
performance would obtained. 

The spark plug variety generally provides the surface 
maximum temperature the combustion chamber engine. 
sequent igniting effect was found earlier experiments due the 
ceramic core, not the electrodes (4, 239). Such igniting effect did not 
occur when the mixtures were used the cool engine, Section (1), 
even when using hot spark plug, C.F.R.-8, and values C.R. rising 
15.0. When, however, the mixtures were used the hot engine run 900 
r.p.m. and with normal charge density, indications were 
observed values the C.R. ranging from 13. Spark ignition was 
two plugs, both rated relatively cool varieties, namely Autolite B.T.4 
and T.T.4. became interest, therefore, carry out experiments with 
pairs spark plugs widely different ratings commercial heat scale. 

The temperature attained spark plug depends the running con- 
ditions the engine which used. The scale used for the heat rating 
spark plugs cannot therefore one temperature. can best indicate 
relative temperatures that would attained different varieties similar 
conditions use. The spark plugs selected for experiment were: 

mm. Champion R.2.S., rated bottom scale, 
mm. Autolite B.T.4, rated mid position heat scale, 
mm. 10, rated top heat scale. 

The mm. spark plugs were used the standard C.F.R. position opposite 

the bouncing pin which was replaced second spark plug the same heat 


CFR-8 
BOTTOM MID POSITION TOP NEAR TOP 
HEAT SCALE HEAT SCALE HEAT SCALE HEAT SCALE 


Fic. spark plugs varying positions commercial heat scale, showing 
the respective areas exposed core surface. 


CANADIAN JOURNAL TECHNOLOGY. VOL, 


rating that its opposite number, but the larger size required for the 
7/8 in. bouncing pin hole. The R.2.S. plug was obtainable the mm. size 
only and the one used the bouncing pin hole was fitted with bushing, 
The B.T.4 and B.T.10 plugs are obtainable the 7/8 in. size and are then 
described T.T.4 and T.T.10. Thus the experiments were carried out with 
pairs low, medium, and high temperature spark plugs. The plugs are 
illustrated the diagrams Fig. 13. will seen that the designs are 
such that the temperatures attained the ceramic cores are controlled 
mainly the areas exposed flame temperatures. Thus the core the 
low temperature plug R.2.S. copper jacketed leaving the end only exposed 
flame. The medium temperature plug has larger area core exposed 
flame temperature and the high temperature plugs T.T.10 and C.F.R.-8 
still larger areas exposed. 


Experimental Results, After-ignition and Preignition 

Some degree after-ignition occurred the hot engine running conditions 
the experiments Section (2) raising the C.R. 13.0. The 
then attained maximum 151.0 Ib. per sq. in. for mixture rich. The 
experiments this section with pairs low, medium, and high temperature 
spark plugs were carried out similar hot engine conditions but with 
raised the higher value 14.0. Benzene-air mixtures varying from the 


CONDITIONS 
SPEED,900 AIR SUPPLY, 


NORMAL CHARGE DENSITY 
JACKET COOLANT, 
SPARK 


THERMAL EFFICIENCY 


HORSEPOWER 
SPARK ADVANCE -DEG. 


Fic. engine performance terms thermal efficiency and power 14.2:1 C.R. 
Showing region after-ignition when using spark plugs bottom heat scale. 
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weakest practicable 40% rich were used. Spark advance was always ad- 
justed for maximum power output, that optimum value. 

Low temperature spark pair R.2.S. spark plugs was used. Spark 
ignition was required maintain continuous running over the M.S. range. 
The values obtained for thermal efficiency and power are given the graphs 
Fig. 14. attained maximum 149.6 per sq. in. for mixtures 
15% rich and was then The engine ran without spark ignition 
over M.S. range from 14% weak 22% rich, but with progressively 
decreasing power until ignition failed after few seconds. The igniting effect 
obtained without spark was therefore chacteristic after-ignition. 

Medium temperature spark plugs and changing these 
higher temperature spark plugs, the engine still required spark ignition for 
continuous running when using values mixture strength within the range 
used for the experiments. Running without spark ignition was however 
possible with mixtures weak, that mixtures leaner than when 
the low temperature plugs were used. Power decreased progressively, without 
spark ignition, and, before, ignition failed after few seconds; effect again 
characteristic after-ignition. The values obtained for thermal efficiency 
and power are given the graphs Fig. 15. will seen that maximum 
power was obtained when using mixture rich. The was then 
153.2 Ib. per sq. in. The graphs for thermal efficiency exhibit double inflection 


CONDITIONS 
SPEED, 900 r.p.m. AIR SUPPLY I40R 
NORMAL CHARGE DENSITY 


° 
14. BT4 AND TT4 
SPARK 

rs) 

AFTER IGNITION a 

= 


HORSEPOWER 
SPARK ADVANCE DEG. 


Fic. 15. Hot engine performance same conditions used for Fig. 14, but showing 
increase region after-ignition when using spark plugs mid position heat scale. 
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for mixtures ranging from 47% weak, with maximum I.T.E. 41% 
being obtained for mixture weak and again for mixture 40% weak. 
similar but less pronounced double inflection was obtained when the cooler 
spark plugs were used, see Fig. 14. 


Fic. 16. and rate change diagrams taken when using spark plugs 
top heat scale and mixture weak order show the initiation preignition 
raising C.R. 10.5, hot engine. 


Fic. change diagrams taken sec. intervals the development 
runaway preignition with top heat scale spark plugs, hot engine, two high temperature 
spark plugs, C.R. 11:1, mixture weak. 
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High temperature spark plugs, B.T.10 and was found, raising 
the C.R. from relatively low value, that after-ignition began C.R. 
10.5 with mixture 16.5% weak. The I.M.E.P. was then 125 per sq. 
in. Time occurrence terms degrees crank angle before t.d.c. tended 
advance with running time shown the and rate 
change diagrams Fig. 16. The C.R. was then raised 11.0 and runaway 
preignition occurred. This was accompanied such heavy pounding that 
damage the engine was threatened. was possible however take the 
four rate change diagrams Fig. 17, less than sec. intervals, before 
preignition occurred far advance t.d.c. that the engine stopped. 
Referring the diagrams and the figure will seen that each in- 
cludes four combustion cycles. All show the extreme irregularity the timing 
preignition. The maximum advance timing, diagram (a), was 20° before 
t.d.c. was 35° before t.d.c. diagram and more than 50° before t.d.c. 
diagram (c). The time base this diagram extended over the rounded 
boundary the oscilloscope screen and therefore ceased linear. Diagram 
(d) was taken when preignition was occurring far advance t.d.c. that 
the engine was about stop. 


SECTION (4). DISCUSSION 

The object the experiments with benzene was part obtain the data 
given the graph Fig. order that comparison might made with 
similar data obtained for the normal paraffins, heptane, hexane, and pentane, 
when used the same conditions cool engine operation. The values for 
determined for benzene these conditions were relatively low 
shown those obtained when the engine was operated normal temperature 
and charge density conditions and 900 r.p.m. Compare Graphs and 
Fig. 11. The proposed comparison requires some consideration the 
factors which govern thermal efficiency and will given subsequent 
Part manner similar that used Part (2) for fuels containing 
oxygen the molecule. the meantime interest discuss certain 
characteristics the combustion benzene developed the course the 
experiments described Sections (1) (3). 


Comparison Experimental Results with Those Given Part 

The experimental results this Part were obtained engine operating 
conditions not comparable with those used for the experiments with benzene 
described Part XVI (3). the earlier experiments endeavor was made 
impregnate mixtures with finely divided carbon derived from the 
burning extremely rich mixtures. The carbon derived was deposited 
soot surfaces the combustion chamber. was expected that dispersion 
the soot initial turbulence would provide sufficient concentration 
carbon nuclei the end account for the knocking combustion that 
occurred. The expectation was confirmed finding that knock intensity 
observed after layer soot had been formed when using overrich mixtures 


diminished the soot was consumed when the engine was run mixtures 
containing excess oxygen. The experiments this Part were carried 
out conditions which tended avoid the formation soot the burning 
the benzene, and ignition was then not obtained otherwise than spark 
overheated surface the combustion chamber. 


Carbon Formation 


The expectation that carbon would formed the combustion chamber 
surfaces the cool engine greater extent than those the hot engine 
was not borne out the results special experiments. These were made 
with C.R. 8.0 and were begun with clean engine and with the weakest 
mixture for which spark ignition was regular. The M.S. was increased 
steps value 75% rich and the combustion chamber surfaces examined 
with the aid inspection lamp after the engine had run for min. 
every M.S. used. 

The deposits formed particular values M.S. were seen similar 
both the cool and hot conditions engine operation. After running 
mixtures leaner than correct, the piston crown and other surfaces that could 
seen had become coated with brownish red, rustlike deposit which was 
little more than surface color. M.S. was increased from correct 50% 
rich, very thin layer hard brownish black carbon formed the com- 
bustion chamber surfaces other than those the exhaust valve and spark 
plug core. layer soot began form when M.S. exceeded 50% rich until 
75% rich, all surfaces including those the exhaust valve and spark plug 
core were covered it, and going still richer mixtures the engine 
stopped because the short-circuiting the spark plug. 


Combustion Knock 


When the engine was used the cool running conditions, Section (1), 
will remembered that optimum values power and thermal efficiency 
were obtained when spark timing was fixed 20° advance and that con- 
siderable pressure rise due combustion the fuel occurred before t.d.c. 
(see indicator diagrams, Figs. and 3). Combustion knock then became 
audible when M.S. was increased from 38% 29% weak. Knock intensity 
increased mixture strength was further increased and became medium 
heavy the neighborhood the correct mixture, although C.R. was reduced 
from 15.0 10.0 increasing M.S. from 39% weak correct. The increase 
knock intensity the circumstances the increase the 
combustion pressure that occurred before the piston arrived t.d.c. 

When using the hot engine, with optimum spark advance, increase 
pressure due combustion the benzene occurred mainly after t.d.c. and 
combustion was nearly silent even when using correct mixtures. Combustion 
knock became evident correct mixtures and values C.R. higher than 
11.0, with the onset ignition hot surfaces, and shown the experi- 
ments Section (4), developed into the severe type preignition high 
temperature spark plugs were used. 
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Relative Performance Engine Cool and Hot Conditions 

The relatively inferior performance the engine cool conditions 
operation attributed the slow burning the benzene which rendered 
impossible prevent the occurrence combustion pressure prior t.d.c. 
when spark timing was adjusted for maximum power output explained 
earlier. The extent the improvement performance obtained changing 
from cool hot running conditions shown for example comparable 
experiments made C.R. 8.0 with approximately correct mixtures and 
spark timing adjusted for maximum power. The experimental results are 
given the data Table 


TABLE 


ENGINE PERFORMANCE COOL AND HOT CONDITIONS, C.R. 8.0, CORRECT MIXTURES 


Spark Maximum B.H.P 


advance combustion press. 


The data Table show that changing from the cool the hot con- 
ditions increase I.T.E. was obtained. This increase attributed 
the increase the inflammability the mixture due the 
higher temperature attained the time spark ignition. The rate burning 
increased accordingly and adjusting spark timing for maximum power the 
increase pressure due combustion tended occur after t.d.c. instead 
part before, when the engine was run the cool conditions. Al- 
though the increase from 1.73 5.70 shown the data Table 
may attributed partly the increase inflammability the 
air mixture, due mainly the increase speed from 400 r.p.m. 
and the increase charge density. 

The rate burning the mixture the engine related 
its temperature the time spark ignition. The temperatures the 
beginning and end compression have been calculated the basis available 
data and approximate values are tabulated below for correct mixtures used 


TABLE 
ESTIMATED COMPRESSION TEMPERATURES, °F. 


Compression temperatures 


air supply coolant 

Initial Final 
Cool engine, 400 r.p.m. 100 100 740 


Hot engine, 900 r.p.m. 140 140 200 930 


i. 
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The estimated increase charge temperatures from 740 930°F. due 
changing from the cool the hot running conditions accordance with 
the increase rate burning shown indicator diagrams. other 
data are available for the relation between rate burning and the temperature 
mixtures engine conditions. 


Spark Ignition Delay Period 

The data Table show that the total times degrees crank angle 
taken from the passage the spark the attainment maximum com- 
bustion pressure were 23° and 27.5° the cool and hot running conditions, 
respectively. the results Ricardo’s experiments spark ignition, 
quoted Pye (6, 124), taken apply the presently described 
experiments with benzene, the degrees crank angle given above required 
for the development maximum combustion pressure should corrected for 
the degrees delay period when there appreciable increase pressure 
after passage the spark. According Ricardo’s experiments, the delay 
period, time, taken seconds, independent engine speed. 
was found him represented 10° crank angle 1000 r.p.m. 
and 20° 2000 r.p.m. would this basis and respectively 
900 and 400 r.p.m. The corrected times for the development maximum 
combustion pressure are therefore 19° and 18.5° crank angle for the cool 
and hot running conditions, respectively. The time required for the burning 
the benzene attain maximum combustion pressure was then 0.0029 sec. 
the hot and 0.0067 sec. the cool running conditions. 

The ratio the times 2.38 and that the speeds 2.25. The results 
appear confirm approximately the conventional theory stated Pye, 
engine speeds increase also does the turbulence and the rate 
pressure rise, that the number degrees crank angle revolution occupied 
the rise remains substantially The sole evidence given 
support the theory that obtained Ricardo increasing the speed 
the E.35 engine from 1000 2000 r.p.m. while using the M.S. for maximum 
power and optimum spark advance. The heat load would have been nearly 
doubled the circumstances. The consequent increases charge temperature 
and the corresponding rate burning were probably more important than 
the increase turbulence maintaining constant relation between the 
rate pressure rise and the degrees crank revolution required for the 
attainment maximum combustion pressure. 

Turbulence created the mixture passing the inlet valve probably 
proportional engine speed but that existing near the end compression 
when the spark passes what remains after the density the working fluid 
has been increased compression and its viscosity the rise temperature 
due compression. cannot, therefore, safely assumed that turbulence 
near the end compression increases direct proportion engine 
speed. Directed movement the working fluid containing small-scale turbu- 
lence would for the consequent rapid spread flame. The exist- 
ence this type turbulence not compatible with the establishment 
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the definite flame front which known exist between the burned and un- 
burned mixture when combustion chambers are the nonturbulent type, 
such those the and C.F.R. engines. 

The experiments with benzene indicate that the length the delay period 
and the time required thereafter for the attainment maximum combustion 
pressure depend the degree inflammability the mixture with air. 
This factor related its temperature determined the heat load carried 
the engine cylinder. 


Heat Load 

The term used earlier text and this Part defined 
the heat arising from the compression the fuel—air mixture and the residual 
gases plus the heat combustion the fuel. The heat load increases with 
engine speed and may therefore stated terms B.t.u. per minute 
per cycle. must equal steady running conditions the rate heat 
conduction through the materials the combustion chamber and the cylinder 
barrel. 

The surfaces the combustion chamber Otto cycle engine are exposed 
flame temperatures exceeding 2000°C. during the brief period addition 
the heat combustion the working fluid constant volume. They are 
then exposed during the expansion stroke diminishing charge temperature. 
However the running conditions required for maximum power output, 
the charge temperature the instant the opening the exhaust valve will 
still the order 800°C. (1408°F.) and will tend remain that value 
during the exhaust stroke. The result will that continued running 
maximum power output, indirectly cooled materials the combustion 
chamber such those constituting the exhaust valve, the spark plug core, 
and electrodes will become red hot and the fresh charge may ignite contact 
with their surfaces. Ignition may occur during the induction stroke after 
the inlet valve closes and the temperature the charge which includes hot 
residual gas has been raised compression. The igniting effect the exhaust 
valve the spark plug core the electrodes not necessarily dependent 
the respective temperatures. The natures and masses the materials 
well the surface areas must taken into account. The igniting effect 
particular surface depends also the nature the fuel, the mixture 
strength, and the flow configuration the combustible mixture contact 
with it. 

Benzene not readily decomposed engine conditions yield the con- 
centration nuclei required for autoignition and consequence the effect 
heat load then respect after-ignition, preignition, and rate burning. 
Computation magnitudes the heat load requires knowledge the 
temperature the working fluid the beginning compression. This 
temperature can present estimated only especially when the fuel 
enters the cylinder large part liquid drops. Estimates initial and 
final temperatures compression are given Table VI. the other hand 
the heat combustion can calculated accurately for stoichiometric 
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weaker mixtures. The contribution made the heat compression is, 
however, small compared with that made the heat combustion; 
therefore the total heat load can determined with fair degree accuracy. 
Estimated heat loads computed for the C.F.R. engine significant running 
conditions used for the experiments described this Part are tabulated below. 


TABLE VII 
HOT ENGINE, CALCULATED HEAT LOADS PER MIN., MIXTURES, 900 R.P.M., 


JACKET COOLANT, SUPPLY, NORMAL CHARGE DENSITY 

10.0 35% weak 124 494 618 39.0 377 

| | 


TABLE VIII 


COOL ENGINE, CALCULATED HEAT LOADS PER MIN., MIXTURES, 400 
JACKET COOLANT, 50°F. AIR SUPPLY, CHARGE DENSITY 64% NORMAL 


10.0 Correct 310 344 29.6 


will seen reference the tables that both cool and hot running 
conditions, the heat compression contributed about 10% only the total 
heat load when correct mixtures were used but that the contribution was 
approximately for mixtures 35% weak. 

The data Table VII are comparable respect the effect change 
M.S. heat load. Thus, increasing M.S. from 35% weak correct, the 
heat load increased the ratio 670/377 1.78. the other hand shown 
data given earlier that increased the ratio 144/90.7 1.59. 
Accordingly, the occurrence after-ignition and then preignition values 
higher than well the influence spark plug temperature 
these phenomena are attributed the heat load increasing more rapidly 
than the I.M.E.P. 

The heat load especially effective raising the temperature indirectly 
cooled surfaces. These, aside from the inlet valve, are the piston crown, the 
exhaust valve, and the spark plug core. For the hot engine conditions with 
benzene the fuel, evident from the experiments with preignition, 
Section (3), that heat load was effective raising the spark plug core temper- 
ature level which the combustible mixture was ignited. 


Heat Load and the Which Preignition Occurs 


The operating conditions the C.F.R. hot engine experiments described 
this Part were arranged intentionally comparable with those used 
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Ricardo (7, 144) when running the E.35 engine. Ricardo ran his engine 
1500 r.p.m. whereas the experiments described here, the engine speed was 
maintained 900 r.p.m. Two spark plugs were used and the jacket coolant 
was maintained the same temperature, namely 140°F. Heat was added 
the air supply the same rate but taking into account the difference 
speed, volumetric efficiency, and the volume swept the piston. The benzene 
was substantially the same degrée purity. 

Ricardo found that preignition occurred C.R. 6.9. The I.M.E.P. 
was then 146.5 per sq. in. The variety the spark plugs not mentioned 
the reference quoted. probable that heat scale was not then available. 

When using the C.F.R. engine nearly possible similar thermal 
conditions but with C.R. 14.0, the maximum values I.M.E.P. were 
149.6 per sq. in. with low temperature spark plugs and 153.2 per sq. in. 
with medium temperature spark plugs. Some degree after-ignition occurred, 
but this was not deleterious effect power output. When high temperature 
spark plugs were used, after-ignition was succeeded violent preignition 
the runaway type, shown the indicator diagrams Fig. 17, even when 
the mixture was 16.5% weak. 

attempt has been made estimate the heat loads carried the Ricardo 
and the C.F.R. engines terms B.t.u. per cycle per square inch 
combustion chamber surface similar thermal conditions, allowance being 
made for the respective ratios surface area volume the combustion 
chambers. The estimates are tabulated below. 


TABLE 
Compression Combustion Total Net heat load 


E.35 r.p.m. 6.9 600 4615 5215 0.086 
C.F.R. 900r.p.m. 14.0 142 745 0.062 


Values I.T.E. 37.2 and 36.6 obtained experiment for the E.35 and 
engines respectively were used obtain net heat loads. 


There are data available present for the relation between heat load 
and the temperatures particular surfaces the combustion chamber 
the time admission the fresh charge. Nevertheless, the relative values 
for net heat load per cycle per square inch surface, given Table IX, afford 
reasonable explanation for the experimental facts that the E.35 engine 
preignition occurred substantially the same maximum value 
the C.F.R. engine but that higher value C.R. was required obtain 
the effect the C.F.R. than the E.35, assuming that the spark plugs used 
Ricardo were not the highest heat rating. 

The combustion characteristics preignition are illustrated the in- 
dicator diagrams Fig. 17. They show abnormally rapid pressure changes 
occurring before t.d.c. and also the rapid advance the timing the igniting 
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effect. There was consequent increase the time exposure the material 
the combustion chamber flame temperature and radiation. The single 
C.F.R. engine stopped before the temperature indirectly cooled 
metal parts the combustion chamber reached the melting points. However 
continuing experiments with preigniting fuels other than benzene, the 
exhaust valve began burn and its stellite seating loosened. will ap- 
preciated therefore that cylinder Which preignition occurred were one 
supercharged multicylinder engine which continued run the other 
cylinders, burning the exhaust valve would extensive and light metal 
piston would liable melt. This would result the ignition and explosion, 
the opening the inlet valve, the compressed mixture the induction 
system and the certain wrecking the engine. 


Compression Ignition 

Ignition mixtures the heat compression did not occur 
the course experiments with the C.F.R. engine described this Part. 
electric spark spark plug was always required. The reason for 
this, according the nuclear theory, that benzene was not decomposed 
during compression provide the concentration combustion nuclei required 
for igniting effect, the conditions the experiments. the other hand, 
explosion (autoignition) mixtures compression the 
single stroke machine shown the experiments Taylor and 
preceded the formation clouds combustion nuclei (8, 
and should possible obtain similar igniting effect engine 
suitable running conditions. 
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